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Short description of the PhD topic: 
 

The Mediterranean regions are frequently affected by Heavy Precipitating Events 
(HPEs) with surface rainfall amounts typically exceeding 150 mm in 24h. In some cases  
more than 300 mm can be recorded in only 6h. These HPEs often cause devastating flash 
floods, as for example in November 1999 in the Aude region, in September 2002 in the Gard 
region or more recently in June 2010 in the Var region. Recent past studies (Nuissier et al., 
2008; Ducrocq et al., 2008) have identified the main meteorological ingredients leading to 
these HPEs (moisture supply by a low-level flow, conditionally unstable air mass, orographic 
lifting, deflection effect by the neighbouring mountain ranges and convergence of the low-
level flow, formation of a low-level cold pool under the precipitating cells, upper-level 
dynamics, slowly-evolving synoptic environment, etc…). 

However, the current observation network is too sparse to analyse at fine-scale the 
heavy precipitating systems and the mechanisms involved in their triggering and quasi-
stationary organisation. The HyMeX (http://www.hymex.org) field campaign with its first 
Special Observing Period (SOP1) of autumn 2012, offers the opportunity to make use of an 
enhanced observation network over the whole Northwestern Mediterranean basin (France, 
Spain, Italy). About twenty Intensive Observing Period (IOPs) were carried out with additional 
measurements over Sea (pressurized boundary layer drifting balloons, buoys and ship, ...), 
over land (radiosoundings, lidar, radar, GPS, ...) and from aircraft (radar, microphysical 
properties, humidity, dropsondes, ...) to sample the precipitating systems and their 
associated flow. This very-high density set of data will enable to analyse in depth the main 
mechanisms governing convection and their representation in the numerical weather 
prediction models. 

In particular, Bresson et al., 2009 and Bresson et al., 2011 have addressed the 
sensitivity of these mechanisms and their interactions to the meteorological environment 
characteristics. Considering an idealised framework, they have shown that the forcing 
mechanisms and their interactions are strongly sensitive to the meteorological environment. 
They have thus found a large variability in the localisation and dynamics of the precipitating 
systems driven by different combinations of forcing mechanisms varying with the 
environment characteristics. The improved description of the ambient flow provided by the 
HyMeX measurements will allow us to go further in depth into these results with the study of 
real HPEs. 

 
This PhD aims to improve our understanding of the fine-scale processes involved in the 

triggering and the quasi-stationary organisation of the Mediterranean heavy precipitating 
systems, as well as our knowledge of their interactions and their sensitivity to the 
environment. This PhD will also offer the opportunity to diagnose and validate the 



 

 

representation of these processes in the fine-scale numerical weather prediction models. It 
will take place within the framework of the exploitation program of the HyMeX campaign. 

 
The methodology of this PhD will consist in: 

- simulating at sub-kilometric scales (100 to 500 meters) with the French research model 
Meso-NH some specific HPEs of the SOP. AROME-WMED reanalyses will provide initial and 
lateral boundary conditions for the Meso-NH simulations. We will address highly documented 
SOP1 situations of heavy precipitation such as IOP12 (11-12 Oct.), IOP13 (14-16 Oct.), 
IOP15b (21-22 Oct.) and IOP16a (25-27 Oct.). 
- evaluating at fine-scale these simulations thanks to the very-high density dataset of the 
HyMeX campaign. 
- defining an experimental set-up dedicated to sub-kilometric scale simulations of heavy 
precipitating events. This will be performed by studying the sensitivity of the representation of 
the mechanisms of convection to some key physical parameterizations (turbulence, 
microphysics) and/or to the mesoscale initial conditions. The representation of the 
mechanisms in the simulations will be studied by comparing with the HyMeX observations. 
- analysing at fine-scale the forcing mechanisms for the triggering and the quasi-stationary 
factors in the organisation of deep convection. Special attention will be paid to characterise 
the physical process interactions and their sensitivity to the meteorological environment. 
Diagnostic tools available in Meso-NH (convection diagnoses, lagrangian trajectories, 
budgets,…) will allow to characterise the low-level circulation organisation over the Sea as 
well as to identify the sources of lifting for deep convection. A downscaled analysis will thus 
be carried out up to the scale of the convective cell. The comparative study of different HPEs 
will also help to document the sensitivity of the forcing mechanisms to the meteorological 
environment.   
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Required skills: 

The candidate should have good knowledges in atmospheric physics and be hold of a 
scientific master's degree. A strong intellectual curiosity, a good capacity for synthesis and 
initiative will be appreciated. The candidate should also be able to read and express 
him/herself in English. Written and oral skills in French will be an advantage. 


